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RESEARCH MEMORANDUM

EXPERIMENTAL INVESTIGATION OF METHODS OF IMPROVING DIFFUSER-
EXTIT TOTAL-PRESSURE PROFILES FOR A SIDE-INLET MODEL
AT MACH NUMBER 3.05

By Thomas G. Piercy and John L. Klann

SUMMARY

Several methods of straightening diffuser-exit total-pressure
profiles produced by a typlcael hslf-conlcal double-shock side inlet at
a free-stream Mach number of 3.05 were investigated. These methods in-
cluded the use of (a) longer subsonlc diffusers, (b) constant-area mix-
ing sectione at the diffuser exit, (c) internal screems, (d) a rapid
acceleration of the flow et the diffuser exit, (e) internal bleed, and
(f) a change in internal-flow passage shape obtained by raising the in-
ternal centerbody falring from the floor into the diffuser duct.

Each of the methods investigated was found to be effective in re-
ducing distortion. Increasing the model length was found to be quite
effective in reducing the totel-pressure distortion. In particular, the
addition of length through the use of constant-srea mixing sectlons at
the end of the diffuser reduced the distortion with little or no loss
1n pressure recovery. Increasing the basic subsonic diffuser length was
also effective, and the longer of two subsonic diffuser models yilelded
the lower distortion at the diffuser exit.

The use of screens and the chenge in centerbody location reduced
the distortion at the expense of pressure-recovery losses. On the other
hand, the use of bleed from the lnlet throat or an acceleration of the
flow at the diffuser exit reduced the distortion with no loss in
pressure recovery.

INTRODUCTION

Targe total-pressure distortions have been messured at the diffuser
exits of air inlets feeding turbojet and ram-Jet engines. Although this
problem has been known for some time, only recently has meterial pertain-
ing to methods of reducing these distortions appeared in the literature.
Impetus has been provided by the requirement of f£flight at higher speeds °




and at higher altitudes. Nonuniform flow entering thé turbojet en-

gine has necessitated a derating of the engines in order to prevent . @
turbine burn-out end also has limited high-sltitude flight because of S
induced surge and stall phenomenon (e.g., ref. 1). L

Causes of flow distortion are somewhet dependent upon flight _ :

speed. At subsonic flight speeds air. generslly enters the 1inlet with -
little distortion. Even in this case, however, flow distortions may
result when the flow is turned or diffused too rapidly. For example, . )
operation at angle of attack or at large mass-flow ratios may cause =~ -
local separation from the inlet lip. Inside the diffuser, separation [
may result fram too rapid a diffusion rate or may occur locally in _ —
reglons where the wall rate of curvature is too large. These separ- -
ated reglone tend to spreed as the flow traverses the diffuser. Bas- =
ically, then, the problem of the diffuser in the subsonic speed e
renge is to maintein the relatively low distortion that exists im-

mediately upstream of the inilet.

In contrast to the subsonlc case, flow distortions generally o
exist at the inlet throat at supersonic flight speeds.” Thege distor- ' T
tions are caused primerily by nonuniform supersonie cdmpression which _ R
mey occur, for example, because of interaction between the inlet ter- .
minal shock and the compression—surface boundary layer, because of . Yy
operation at reduced mass 'flow with subsequent entrance of a vortex S .
sheet into the inlet, or because of operation at angle of attack or e
yaw. = -

O

At least two generasl solutions to the problem of obteining uni- ' -
form flow at the diffuser exit are evident. First, mesns may be em- __ T
ployed to provide more uniform flow at the inlet throat. For example,
removal of the boundary layer at the inlet throst with an internal
scoop or slot should minimize shock - boundary-layer interaction ef-
fects. Second, the distorted flow st the inlet throat may be mixed
in the subsonic diffueer. In previous investigatiqns (e.g., refs. 2
to 4) mixing in the subsonic diffuser has been forced by the use of
such devices as screens, vortex generators, and freely rotating blade
rows. Although distortion reduction has been achievedz losses in )
total-pressure recovery have been suffered. o -
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It might also be expected that increasing the diffuser length
would reduce distortion inasmuch as the addlitlonal iength would aid
naturel mixing and perhaps incur smaeller pressure lossés. The pres-
ent investigation was conducted at the NACA Lewis laboratory to de~
termine the effect of mixing length on total-pressure distortion at . .
the diffuser exit of a typlcal side inlet at & Mach number of 3.05. - .
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Additional methods of mixing studied for comparison include the use
of (1) screens, (2) an acceleration of the flow at the diffuser exit,

(3) a change in diffuser flow passage shape, and (4) internal
boundery-layer bleed from the inlet throat.

SYMBOLS

The following symbols are used in this report:

A ares

D diffuser-exit diameter, 2.2 in.

L length of constant-srea mixing section shead of pressure
rake, in.

L/D constent-area mixing-length parameter

m mess flow

P toﬁal pressure

PZ total pressure gt individual pressure tubes

AP  maxImum pressure variation across pressure rake,
AP = PZ,max - PZ,min

R inlet radius, 1.5 in.

Subscripts:

av  average

maxX meximum

min minimum

t throsat

0 free stream

1 conditions at inlet throat

2 conditions at moveble (primary) rake

ey RPREEID
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APPARATUS AND PROCEDURE

Tests were conducted in the 18- by 18-inch Mach number 3.05 N -
tunnel. The tunnel test-section tempersture wes maintained at 150° F, -
while the totel pressure was gpproximetely stmospheric. The dew .

point of the air wes kept at -20° F or lower to minimlze condensation
effects. — h =

Model. - The model used for these tests was & half-conlcel side . .. _
inlet with external compression provided by a 19. 80 32.4C double- 13
shock spike desligned to cepture a full streamtube of air at a Mach AR >
number of 3.085.

Except for modificetions to the subsonic diffuser, the model was ' -
the same as reported in reference 5. The modifications included (1)
e reduction of the diffuser ares ratio to provide'a nore realistic i L
diffuser-exit Mach number for a turbojet engine operating near free- . . .- . _ |
streem Mach numbers of 3 and (2) a reduction of centerline offset Ll
from inlet to diffuser exit. The inlet was investigated as a nose i
inlet (thus assuming complete external boundary—layer removal) at o
zero angle of attack and yaw. _ B R

Preliminary tests indicated the need for roughness on the spike ¥,
tip. Without roughness the cone boundary layer bridged the juncture I
between first- and second-cone compression surfaces, resulting in an :
additional week shock on the first cone and mislocatidn of the second Z
strong shock. In order to have a shock configuration more likely to o
be encountered in flight, & 1/8-inch-wide strip oﬂ No. 100 carbo- S
rundum dust was added near the tip of the first cone.” The cone bound~ ) Z
ary layer then remained attached and the compresslon shocks met at the = :
inlet lip, sepproximsting closely the design conditions. This rough- L
ness was used for all tests. = 1

Schematic drawings of the models investigated ar& presented in o
figure 1. Two basic configurations were used and will be designated ' .
herein as the short and long diffuser models. With the short diffuser. .
model, expansion to the final diffuser aresa Wweas comnpleted at model -
station 14.28. The remeining model length (to station 21.97) was al- )
lotted for a constant-area mixing section, equivelent in length to 3.5 -
diffuser-exit diemeters. For the long diffuser, ekpsrdsion was not . T
campleted untll station 18.68. = The remaining model length (1.5 exit L.
diemeters) was egain used as a constant-area mixing section. Stations . . . _.
within the constant-ereas mixing sections for both models will be glven T
in terms of the constant-ares mixing-length parameter L/D where D
is the diameter of the sectlion. : -

b
|

With the short diffuser model, two internel centerbody failrings
were investigated, as indicated in figure 1(a). For the majority of g

baid i,
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these tests, the centerbody falring was located along the floor of
the model. For a limited number of tests, however, the centerbody
fairing was raised off the inlet floor into the diffuser duct passage.

The effects of two additional modifications to the short diffuser
model were also investigated, namely (1) the effect of a rapid accel-
eration of the flow at the diffuser exit and (2) the effect of inter-
nal bleed in the region of the Inlet throat. These modificetions to
the basic diffuser are illustrated in flgure 2.

As indicated in figure 2(a), acceleration of the flow was
achieved by the insertion of a wooden contraction section at the dif-
fuser exit. Contraction of the diffuser-exit diameter from 2.2 to
1.8 inches was achieved by an arbitrary fairing between model sta-
tions 14.28 and 15.28. A constant-area mixing section was msintained
between model statlons 15.28 and 18.28.

Internal bleed was achieved by bleeding air with four rows of
holes through the inlet splitter plate between the centerbody and the
inlet cowl (fig. 2(b)). The total area of the bleed holes was 0.092
square inch.

The constant-eres mixing sectlions were enclosed with interchange-
able sleeves upon which screens of various blockage ares or solidity
were mounted. Thus, the screen solidity end screen location was read-
ily varied. Screens were located in the constant-area mixing section
and also in the divergent part of the diffuser. A photograph of the
screens which were mounted in the constant-ares mixing section is pre-
sented In figure 3. When the screens were located in the diverging
part of the diffuser, the screens were contoured to fit the internal
flow passage.

Three combinstions of screen mesh and wire diameter resulting in
approximately 23-percent solidity were investigated for one configu-
retion. However, unless otherwise noted, the 23-percent-solidity
screen utilized for the msjority of the tests had a wire mesh of 2 and
a wire diasmeter of 0.062 inch.

Subsonlc-diffuser area varlations for the two basic models are
glven in figure 4. The initisl diffuser-area expansion was determined
by using the criterion of constant proportionality between the. static-
pressure gradient end the local static pressure (ref. 6). The area
distribution for the remsining diffuser length was an arbltrary fair-
ing which reduced the expansion rate at the downstream end of the dif-
fuser. The area distribution for the raised centerbody model was not
changed from that of the basic short diffuser model.
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Instrumentetion. - Two total-pressure.rekes were utilized as shown
in figure 1. The primary rske, which was longitudlnally positioned by
remote control, was used to determine the total-pressure distortion and
total-pressure recovery at any stetion L .withln the. constant-area mix-
ing sectlion. The secondary rake was used 1n the ‘calculation of inlet. :
mass flow, with the assumption of a choked exit plug Locations of the
tubes 1in the primary rake are given in figure 5. With the exception of
the center tube, each of the 25 total-pressure tubes Was located at the
centroid of equal areas. When the contracting s€ction was instelled,
the outermost tube of each rake segment was removed &nd the constant~
area-section radius was reduced to that indicated by the dashed line.
The remaining tubes were asgain located at the centroids of equal arees.
The secondary raske was similarly constructed but weas composed of 40
tubes. = o

Q [

|

137531 & o

Additional instrumentation included sfatic-presfure taps located in
the inlet cowl throughout the throat region and in the constant-ares _
mixing section. The cowl-lip statilc-pressure taps were-used to aid in o
positioning the inlet terminal shock, whereas the static-pressure teps ~ _
in the mixing section were used to determine the preseure loss across
the screens. : =

A total-pressure rake was also instelled in the inlet throat at sta- = ¢
tion O at the beginning of the investigation. This instrumentation, L
however, was removed for the remsinder of the tests. - '

DISCUSSION OF RESULTS C :

wh i

Any numerical definition of flow distortion 1s 1ncomplete by itself,
since the effects of distortions entering the compressor (or the ram-Jjet
combustion chamber) depend not only on the percentege distortion but al-
so upon the distributions of the flow distortion.! Thus, radial and cir-
cumferential distortions may have entirely different “effects upon cam- ]
pressor surge and stall characterlstics. Hence, total-pressure or ve- L
locity contours are needed to completely define flow “distortion. T N

However, for the purposes of this report a definition of distortion T
by which the severlty of a distorted flow 1s represented by a single
number is useful, since it provides a convenient pasis for comparison “of
the methods of distortion reduction investigated.. Other specific com-
giderations of the resultant distortions cen be cbtained from the report-
ed total-pressure contours. Flow distortion, as discussed herein, 1s_
defined as the maximum total-pressure variation obtained from the pitot
tubes of the primaery reke divided by the average total pressure, or

'l Al l:

bt

y

P

[Py . - P
Percent flow distortion = S x 100 = ( Lomax ~ Zmin) x 100 -
av '

av
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Distortion at inlet throat. - During the initial phase of the
investigation, the flow in the inlet throat was surveyed with total-
pressure rekes, and the results are presented in figure 6 for the
meximum-pressure-recovery condition. Large total-pressure distortions
were observed, as evlidenced by the low pressures in the cornmers of the
inlet and the relatively high pressures at the top of the inlet. The
low-pressure region is caused by an accumuletion of the compression-
surface boundary layer. Presented for comparison is the theoretical
shock pressure recovery based on flow through the two oblique com-
pression shocks and the inlet terminal shock. Pressure recoveries
measured across the top of the inlet were higher than this theoreti-
cal value, presumsbly because of the presence of additionsl wesk
shocks caused by shock - boundary-layer intersction which were not
accounted for by the theoreticel value.

Effect of Inlet operating conditions. - The mejority of the test
data were obtalned with the short diffuser model. The pressure
recovery and the mass-flow performsnce of this model are presented in
figure 7 for several longitudinal locetions of the primasry rake in
the constent-eres mixing section. ©Small changes in subcritical Iinlet
operation were noted as the primary rake weas moved rearward in the
constant-ares mixing section. These changes may have been due to the
pressure-welghting technique used, although the cowl-1ip static-
pressure teps indicated thet a branched or lambda form of the normal
shock moved farther forward into the inlet throat as the primsry rske
was moved downstream. In any case, the varistions in the date are
probebly within the experimental accuracy, and 1t 1s clear that
little or no loss in pressure recovery occurred through use of the
constant-ares mixing sections. The supercritical inlet mass-flow ra-
tio was 0.996, while the average maximum pressure recovery weas asbout
62 percent of the free-stream value. The average meximum pressure for
this and other configurations investigeted 1s summmrized in teble 1.

Total-pressure contours obtained at rake station 14.28 (L/D = 0)
are presented in figure 8 for several values of the ‘average Mach num-
ber ghead of the rake. The lines lgbeled (El_ - ‘) indicate isobars

av
of total pressures expressed 1n percent sbove or below the average
pressure recovery. For exsmple, for a rake Mach number of 0.197, =
high-pressure core 10.2 percent larger than the average pressure re-
covery (0.615) was measured. Likewise, total pressures 6 percent be-
low the average pressure were measured with the rake tubes closest to
the diffuser well. Thus, the totel distortion was sbout 16.2 percent.

The cores of high-pressure air indicate incomplete mixing of the
distortion which existed in the inlet throat (fig. 6). Changes in
inlet operation (i.e., rake Mach number) did not cheange spprecisbly
the location of these cores in the duct passage.
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The effect of mode of Inlet operation on the total-pressure dis-
tortion at the diffuser exit is summarized in figure 9. Distortion
and totel-pressure-recovery data are glven as a function of the rake
Mach number. Operation of the inlet in the supercriticel regime in-
creased the distortion considerably over that obtained for critical
inlet operstion. Suberitical inlet operation reduced the distortion
only slightly below that obteilned at critical inlet operation. The
total-pressure plot at the top of the figure indicates thet—the mini-
mum distortion occurred st the maximumrpressure~recovery condition.

Effect of constant-area mixing sections on flow distortion. -
The effect of increasing the effective model length by the addition
of constant-ares mixing sections at the end of the diffuser is pre-
sented in figure 10. For all inlet operating conditions the total-
pressure distortion decreased when the length of 'the“constant-area
mixing section wes incressed. The addition of mixing length, however,
was most effective when the entering distortion leveTTwas high. This
results from increased mixing due to the higher shear of the badly
distorted profile. The distortion level was lowest for inlet opera-
tion at the maximum-pressure-recovery condition for all values of I/D.
The dlstortion date for the remainder of this report were obtalned at
the maximum~pressure-recovery conditiom. :

Effect of diffuser length. - A limited number of tests were run
with the long diffuser model. Distortion data for this model are pre&-
sented as s function of model station in figure 11 and compared with
corresponding data for the short diffuser model. At the beginning of
the constant-ares mixing section the long diffuser yielded the lower
distortion, presumsbly because of the longer mixing length of the o
long diffuser model. However, the addition of constant-area mixing ~
length to the short diffuser repldly reduced its distortion so that
. for a comparasble over-all model length a lower distortion was ob-
tained with the short diffuser. The increased mixing obtained with
the short diffuser model plus constant-areas section is probably due to
the lower average Mach number and hence increased shear of the short
diffuser model. A somewhat lower pressure recovery was obtained with
the long diffuser model. Additional investigation is needed to deter-
mine the optimum combination of diffuser plus coﬂstagt-area length to
arrive at e minimum distortion without incurring en excessive total-

pressure loss,

Effect of screems. - Several combinations of screen solidity,
mesh, and location in the duct passage were investigated with the
short diffuser model. Only limited screen data, however, were ob-
tained with the long diffuser model.

Inlet performance data of the short diffuser model with seversl
screens located st model station 14.28 are presented:in figure 12:

e L L T :

f

|
N
S

,i|lu



ASTAN

CR-2

NACA RM ES55F24

As was previously mentioned, smsll changes in subcriticel inlet oper-
ation were noted as the position on the primary rake was changed. The
average performance data of figure 7 for the model without internal
gcreen have been added to the screen data of figure 12 for purposes of
comparison. The addition of internsl screens increased the subcrit-
ical stability but decreased the meximum pressure recoveries by less
then 1 percent for the 10- and 23-percent-solidity screens and by
about 2 percent for the 40-percent-solidity screen.

Total-pressure contours for the screen conflgurations are pre-
sented in figure 13 for the meximum-pressure-recovery condition. A
camparison of the profiles measured at L/D of 0.46 with those ob-
tained without screens (fig. 8) indicates that the high-pressure core
did not move from its location in the upper part of the duct as the
slr passed through the screens. However, the total-pressure disgtor-
tion was reduced considersbly. The movement of the survey rake far-
ther downstream into the constant-ares sectlon indicated further re-
ductions in distortion and showed a tendency for the high-pressure
core to move to the lower part of the duct.

The effect of screens on total-pressure distortion is summsrized
in figures 14(a) end (b) for the short and long diffuser models, re-
spectively. The effectlve reduction of distortlion by the addition of
screen blocksge and mixing length is quite evident. The data of fig-
ure 14(s) show that without screen blockage & constant-area mixing
length of about 3.2 diffuser-exit dlameters would be required to re-
duce the distortion to 5 percent. By using a screen of 40-percent
solidity, the necessary mixing length could be reduced to 0.6 diam-
eter., Each of these two configuraetions suffer penalties in order to
attain the S5-percent distortion level. In the case of the screen, a
pressure loss 1s encountered and operational problems such as lcing
will occur. For the constent-aresa mixing-length configuration, added
welght and volume are required.

The effects of varying the screen mesh and diameter while main-
taining a solidity of about 23 percent are given iIn figure 15. The
effect of screen mesh was not negligible inasmuch as the over-all
change in distortion was sbout as much as was found in figure 14(a)
for a change in solidity from 10 to 23 percent. However, the msximum
pressure recovery was not changed appreciably for the change in screen
mesh. Additional study on the effects of screen mesh is required.

In order to determine the effect of screen location on distortion,
gcreens were also located in the expanding section of the diffuser at
station 11 and downstream of the beginning of the constant-area mixing
section at station 16.28 in the short diffuser model. The results of
this comparison are presented in figure 16. When the screens were lo-
cated at these stations rather than at the end of the diffuser, sacme-
what larger dlstortions were measured.

Mdiag o iE e
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Total-pressure losses across the screens for the short diffuser
model are summarized and compared with predicted losses from refer-

ence 7 In figure 17. Totel-pressure loss is plotted gs a function of |

screen solidity for average flow Mach numbers sheiad gf the screen of
0.20 end 0.34. These Mach numbers correspond to those ahead of the
screen at the maximum-pressure-recovery condition for screens located
at model stations 14.28 and 11.00, respéctively. - - : :

When the screens were installed at station 14.28, the total-
pressure losses were somewhat lerger than had been prédicted. These
losses, which were determined by teking thée differencé between meas-
ured rake totel pressures with and without screens, agreed with the
losses determined from the measured static-pressure rise across the
screens., = v

In a similer test of screens for a wing-root inlet (ref. 2), the
agreement between actual and predicted lossés was not so good as that
obtained herein. Apparently, inasmuch as the date of reference 7
were obtained with nearly uniform flow approaching the screens, the
better agreement of the present date ls prcobably due to & more uni-
form profile approaching the screen than was the case wlth reference z.

When the screens were installed in the expanding section of the
diffuser, the measured screen losses were expected to-increase as a
result of the increase in spproach Mach number. However, as indicated
in figure 17, increased losses were observed only for the 40-percent-
solldity screen and even thils loss was lower than had been predicted.
The antlcipated losses due to the higher flow Mach number sppeared to
have been offset by more optimum supersonig_compressign as evidenced
by the cowl-lip static-pressure taps. This result may have been due
to differences in spike tlp roughness between configurations. .

It should be noted that for lower free-gtream Mach numbers, the
diffuser-exit Mach number would be higher then that obtalned with the
present model in order to satisfy the weight-flow requirements of a
turbojet engine. With these higher duct Mach numbers, the losses
across the screens would be larger than were measured herein.

Effect of acceleration at diffuser exit. - In addition to
constant-aree mixing length and forced mixing devices, other methods

have been proposed as possible means of reducing flow distortion. “Qne._

of these methods consists of the use of a rapid acceleration of the
flow at the diffuser exit (ref. 4). To determine the effect of such
an acceleretion, a wooden contraction section was filtted into the
sleeve section at the end of the diffuser (fig. 2(a)).

The performsnce curves of the contracted diffuser configuration
are presented in figure 18. Total-pressure. profilés for maximum-

o L]' i| noo
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constant-ares mixing lengths, and the distortion date are summarized
in figure 20, An sppreciable reduction in distortion was achieved

with no loss of pressure recovery.

Effect of change in flow passage shgpe. - Another method of dis-
tortion reduction is associated with shock - boundary-layer inter-
action and distortions arising from local separations within the 4if-
fuser. An example of this gpproach was used in reference 8, where it
wes found that the addition of fillets in the corners of a side inlet
reduced the distortion. In the present investigation the effect of a
plmple change in internal geometry obtalned by raising the internsal
centerbody felring from the duct floor into the duct passage (fig. 1)
was determined. :

Total-pressure contours are presented in figure 21 for several
values of L/D. Contours at increasing values of L/D indicate a
clockwise rotation of the high~pressure core, suggesting that the
centerbody may not have been slined with the model axils.

Distortion date for the raised centerbody model are summarized
and compared with the originasl model in figure 22. A considersable
reduction in distortion was achieved by ralsing the centerbody, sl-
though & total-pressure loss of 0.04 was incurred. This loss might
have been reduced by redesigning the centerbody fairing so that its
tip was more nearly at the centerline of the exit duct.

The installetion of screens at station 14.28 reduced the distor-
tlon of the raised centerbody model to even lower values. These data
are presented in figure 23. With the 40-percent-solidity screen in-
stalled, o minimum distortion of about 1.4 percent was obtained.
However, additional pressure losses were incurred with the screen

configurations.

Effect of internel throst bleed. - Pressure instrumentation at
the inlet throat indicated the presence of boundary layer in the cor-
ners of the inlet (fig. 6). Removal of this boundsry layer would re-
duce the distortion entering the diffuser and therefore should reduce
the distortion at the exit of the diffuser. Boundary-layer removal
was therefore provided by bleeding at the inlet throat (fig. 2(b)).

Inlet performance with this internal bleed 1s presented in fig-
ure 24. During supercritical inlet operation a spillage of about 2
percent mass flow occurred. When the internel normsl shock moved into
the region of the bleed holes, the amount of bleed increased to about
8 percent. The meximum pressure recovery (64 percent) was obtained
with this configuration.
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The distortion data of the bleed configuration afe compared with .
the original configuration in figure 25 for 'the maximum-pressure- : oo
recovery condition. Internsl bleed effectively reduced the distor- S
tion and also increased the maximum pressure recovery. oo

General remarks. - It has been demonstrated that distorted total- _ s
pressure profiles can be improved by mixing. Thig mixing can either _ )
be obtalned by ellowlng sufficient passege length' or,*if length is
not avallable, mixing can be forced by screéns. @achmmethod however,
1s not wlthout penalty. Excessively long ducts require additional
weight and volume. The use of screens incurs penelties in the form

of pressure losses and introduces operating problems.;

Apparently, the best way to reduce distortion would be to reduce
1t at its source, thet is, near the inlet throat. It.was demonstrat-
ed that bleeding from the throat section reduced distortion and at '
the same time improved the over-all pressure recovery. The effects
of flow passage shapes and local surface curvatures may be equally
important. R = : o e =

If excesslve distortion still exists and if spacZ 1s available, -~
the distortion could possibly be reduced by overexpanding the dif-
fuser to a low Mach number. The use of & screen folldwed by a rapld e
ascceleration of the flow should then permit low flow distortions with
little loss in pressure recovery. _ b -

SUMMARY OF RESULTS - o=

Several methods of straightening diffuser-exit total-pressure )
profiles were investigated using a typicel side-inlet model at a Mach
number of 3.05. The methods studled include (a) longér subsonic dif-
fusers, (b) constant-asres mixing sections, (c) internsl screens, (a)

& contraction section, (e) internal bleed, and (f) e Change in inter-
nal flow passage shspe. The results of this investigation mey be
summarized as follows: . .

1. Increesing the diffuser length was found to b€ quite effective
in reducing the total-pressure dlistortion. Thus,'increasing the ef-
fective model length by the addition of consfant—area mixing ‘sections”
at the end of the diffuser was found to be effective with little or
no loses in pressure recovery. Also, increasing the baslc diffuser
length was effective, and the longer of two subsonic diffuser models
ylelded lower distortions at the end of the diffusing section.

2. The use of screens as forced mixing devices effectively re- -
duced distortion at the expense of a loss in pressure recovery.
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3. The use of either a contraction sectlion at the end of the
diffuser or internsl bleed from the inlet throat region reduced the
distortion with no loss in pressure recovery.

4. Raising the centerbody fairing from the inlet floor into the
diffuser duct reduced the distortion effectively; however, the re-
duction was obtained at the expense of a pressure-recovery loss.

Lewis Flight Propulsion Laboratory
Netionel Advisory Committee for Aeronsutics

Cleveland, Ohlo, June 24, 1955
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TABIE I. - SUMMARY OF MAXTMUM-PRESSURE-RECOVERY DATA FOR ALL CONFIGURATIONS

Besic diffuser | Alteration to basic model Screen Screen mesh Wire Average maximm
’ ' location, (number of diameter, |total-pregsure
model ststion|wires per in.) in. recovery
Short diffuser | mr=emmremr—cmmre e | e ——= | me=e- 0.620
10-Percent-solidity screen 14.28 o 0.010 .516
23-Percent-solidity screen 14.28 2 .062 611
40-Percent-solidity secreen la.28 7 .031 -599
23-Percent-sclidity screen 14.28 4 .031 .613
| 25-Percent-solidity sereen 14.28 . 2.7 .051 .611
10-Percent-egolidity sereen 16.28 -5 .010 .618
23-Percent-so0lidity screen 16.28 2 .062 .614
40-Percent-eo0lidity screen 16.28 7 .031 .605
10-Percent-salidity screen 11.00 ) .010 .619
23-Percent-polidity screen 11..00 -2 .062 .616
L .| 4D-Percent- sglidlﬁy screen 11.00 ST 031 .281
| Contrection Hection - - ! _——— -— —_— 629
Internsl bleed |  ===--= L B .B35
TOnE AL B el ™| -me i mn o S s m e mm m m i o R R m—— 0.600
lO-Percent—solidity screen 14.85 5 0.010 584
Py ) ZSLPérceﬁH sdlidity soreen {1 14881 - ] Pl i iikp o 1062 .592
40-Percent-solidity screen 14.85 .7 .031 564
Short diffuser|---r--~ce-—csmmmmmmmnnn=— | ————- - | =e=—- 0.579
with raised |10-Percent-solidity screen 14.28 5 0.010 575
centerbody |23-Percent-solidity screen 14.28 2 .062 L5972
40-Percent-solidity screen 14 .28 7 031 .562
|
< L - ’ o
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S

O -
—--..,,,,””,%’ > N

%%
21.97

R=1.5 o |
T

Model

station -—3.89 -5.80 0 6.00 12.00

" Bleeve

Centerbody on inlet floor

Ralped oenterbody falring

(a) Short diffuser model.

l /_'.'L"Lmn.el support strut
Primary rake
\ -L o] Is) Exit plug Exit-plug Primary-reke _
X Berew Jack sorev Jack _
b7 . g
B 318
NE _
[ ] | ]
e T—Y ‘\: ‘Iw e | II -
Model Sleeve
\ CD-4500
station  -3.80 | 0 5.00 12.00 18.68 21.97 29.17 Secondary reke

Splitter plate

¥Wooden bellmouth

(b) Long Aiffuser modsl, with tunnel support apperatus.

Pigure 1. - Schematic drawings of models. (All dimensions in inches.)
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cale

Contraction section ; -

Model station -3.80 0 6.00 12.00 14.28 ) 18.28 21.97
: -
(a) Contraction section installed. -
0.07-Inch~diameter
holes, equally spaced \ 4
(b) Bleed from inlet throet. CD-4501
Figure 2. - Alterations to short diffuser model. (All dimensions in inches.)
=
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A
& e
0 N A A
| IR A

f 10-Percent~solidity screen;
B S5 wires per inch;
| wire dlameter, 0.010 inch.

25-Percent~solidity screen; 25-Percent-solidity screen; 25-Percent-solidity screen;
4 wires per inch; | 2 wires per inch; 2.7 wires per inch;
wire diameter, 0.031 inch. ] wire dismeter, 0.062 inch. wire diameter, 0.051 iInch.

Figure 3. - Photograph of screens.
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Retio of flow ares to throst erea, A/A,

3.0

2.2

Wconstanb-area wixing section [
——

N L

/’, /f

/ il

)4
/ /
/
,
Vi / \\;j
End of section for which statlc-
fShort diffuser mod.ey " pressure gradient is proportional,
/ / to local static pressure
L~ |

10 12

Model station, in.

14 16 18 20 . 22

Figure 4. - Subsonic-diffuser aress variations.
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O Total-pressure tubes
® Static-pressure tubes

Outer-duct wall
with contraction
section installed

Figure 5. - Details of primary rake. (All dimensions
are in inches.)
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Total~pressure recovery, Pl/PO

m NACA RM E55F24 _

| S
~
&
e
Location of survey tubes in inlet throat (dimensions in inches)
1.0
| 3
.8 2 e
Theoretical shock
g Dressure recovery
6 it
.4 - lll
0 40 80 120 . 180 200 .
6, deg = : .l 2
Figure 6. - Inlet-throat flow survey data. o
1
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Total-pressure recovery, PZ/PO

21

Inlet mass-flow ratio, my/m,

Constant-area mixing-
length parameter,
L/D
o 0
O .91
A 1.82
> 3.50
=~ — Unstable inlet operation
Tailed symbols indicate
minimum stable points
.68
Rake Mach number
0.19
.64 //
] o 1 .20
] ,/ /ﬁ}
.60 / A 7 //
A
f /,— .21
z ?( -
//‘7 /
// A .22
.56 Z <
/ /'/
P
”
52 ' .24
1 .26
.48 /,/ ]
Q
i
.44 =
.80 .84 .88 92 .96 1.00

Figure 7. - Effect of constant-area mixing length on inlet performence.
Short diffuser model. )
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Rake Mach nuaber, 0.155 Rake Mech mmber, 0,197 Bake Mach mmber, 0.201
Totel-pressure dlstortion, AP/P, , 1T.2 percent AP/P, ., 16.2 percent &P/Pg.s 17.0 percent
Total-preasure recovery, P, /Fn, 0.586 Py, /Py, ©-615 P“/go, 0. 610

Inlet mass-flow ratio, w,/m,, 0.920 a;/mg, 0.980 n,fug, 0.986

B
o 1], percent
ar

' g |.|P-':|'1; b i '
Rake Mach mmber, 0.208 Rake Mech number, 0.275
'I AP/P.., 16.9 percent : AP[P,., 4B.2 percent
P - P,./Bys 0.596 , PaylPgs O.454
myfmg, 0.996 n;/ng, 0.996

SR S T o S O L L S i Ele)
Fig!l:ra a.; -'To'taflt-pmamn-e contours at primery ruke. Sbort diffuser model; constant-ares mixing-length pa.ra.ne'tar, (l:-
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Total-pressure distortion, AP/Pav, percent

Fo

Total-pressure recovery,
P,/

&

o
w

45

50

40

30

20

10

X |

23
o
o) ‘k\\\\\\
\
N
] N
\\o
Critical //////
Suberitical — |1 _Supercritical
inlet operation inlet operation
////;///////
o’,,cr”
.18 .20 .22 .24 .26 .28

Rake Mach number

Figure 9. - Effect of inlet operation on total-pressure dis-
tortion. Short diffuser model; constant-area mixing-length

parameter, O.




Inlet operatlon Rake Mach tumber
O Meximum recovery 0.197
[1 Bupercritical 273
A Critiesl .208
80
8 NG
g 40 N
[
[}]
A
Y
o .
: I
30
g =
: RN
£ ™~
B 20 \\1
) 4 :
N E \‘\‘
\' —ﬂ_- ,
é 10 - : 0~ N*—-__.__ \\“DJ
| % I . \\ﬂb\: ——-\ﬁ'A—
| S A |'-'| s i PR _"h——___~0_ ———
.0 .4 .8 1.2 1.8 2.0 2.4 2.8 3.2 3.6
Constant-area mixing-length paremeter, L/D
i L } I | )
1l4.28 16.28 18.28 20.28 21.97

| | oL Model station, in.
Flgure 10. - Effect of constant-area mixing length on total-pressure distortion. Short diffuser model.
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5
Diffuser model (Puy/Pg)os E
0 Short 0.620 g
o Long .600 N
20
&
1]
[4]
4 S
= 15— I
B N [~ Beginning of constant-
g; \\\\\\ area mixing section—1o 1
e
L \ I
8
¥ B
12
5 \ \D\\
2
\
v
\
: T~ ~0
3 8 ‘\
: —
3 .
)
h\.
g \\o
4
14 15 16 17 18 19 20 2L 22

Model stetion, in.

Flgure 11l. -~ Comparison of total-pressure dlstortion for two basic models.
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Total-presaure recovery, Pp/Py

length ar,
L
8 0.46
.01
A 1.82
P 3.50

s == Inlet performance
without screen (fig. 7)

— — — Unstable inlet operation
Tailed symbols indiecste
minjmm stable points

i _.::..i_ ;r R

Rake Mach number Rake Ha.ch number
0.18 .20 | 0.20 Reke Mach mumber
62 7
2 2
g o ?

: - V‘ 21 NV / .21 .21

58 // o — — L
A .22 ] .22 e 4 .22
] ~ ]
P __7 ~ —— . JERN— RN R - ¥ _ . _/.__>
.23 : E}Dé -

| . ] " - / 4. 25 // <23

.54 | = 7
/" ' // M’

.50

.88 .92 .96 1.00 .92 .96 1.00 .ea .92 .96 1.00

. ‘Inlet mass-flow ratio, "’2/‘“0 '
10-Percent-solldity screen 23~Parcent~solidity screen 40-Percent-solidity screen
-'F:I.gm-e 12, - Effect of in'oernla.l Ecreens cm. inlet pu-form. ghort diffucer !modellp: screens located &t model station 14...28.
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27

Py 123
- 1], percent —=—— - 1}, percent
av

Constant-area mixing-length parsmeter, L/D, 0.46 . L/D, 0.91

Rake Mach number, 0.200 Reke Mach number, 0.198
Total-pressure distortion, AP/Pav, 10.4 percent AP/Pa_v., 9.0 percent
Total-pressure recovery, Pq /Py, 0.609 Pyy/Pgs 0.614

Inlet mass-flow ratio, m,/m,, 0.982 mp/mg, 0.985

Py
- 1}, percent
av

L/D, 1.82 L/D, 3.50

Rake Mach number, 0.199 Rake Mach number, 0.199
AP/P,,, 6.8 percent AP/Pyo, 4.0 percent
Py/Pys 0.615 P, /Py, 0.616

mp/mg, 0.985 my/mg, 0.986

(a) 10-Percent-solidity screen.

Flgure 13. - Effect of internmal screens on total-pressure contours at primsry reke. Short
diffuser model; screens located at model statlon 14.28.
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ﬁ— - ), percent F__PZ. - 1}, percent »
Pav i “\'av ’ Eﬂ
' I3
4]

Constant-area mixing-length parsmeter, L/D, 0.46 1/D, 0.91 _ S
Rake Mach number, 0.197 - Reke Mach number, 0.199 =
Total-pressure distortion, AP/P.., 7.3 percent . AP‘/PM,, 6.4 percent
Total-pressure recovery, P /Po, 0.608 [ av/PO’ 0.610 B
Inlet mass-flow ratio, m.z/mo, 0.967 ' o mz_/mo,__o .976 T s -

Py
o » percent
av

L/D, 1.82 L 1/D, 3.50 e

Rake Mach number, 0.200 T Rake Mach number, 0.200 ) R
AP/Pg,, 5.2 percent AP/P g 3.4 percent ) o
Pyy/Pgs ©.613 .. /Po, 0.611 . T N
mp/mg, 0.984 : R mz/mo, 0.982 o

(b) 23-Percent-solidity screen.

Figure 13. - Continued. Effect of internal screens on total—preasureﬂcontou.rs et primary rake. .
Short diffuser model; screens located at model station 14.28. - e T

womeemn . -
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Constant-ares mixing-length parameter, L/D, 0.46
Reke Mach number, 0.204
Total-pressure distortion, AP/Pa.vJ 5.3 percent

Total-pressure recovery, Py, /Py, 0.597
Inlet mass-flow ratio, mp/mg, 0.978

)
- 1), percent

av

LI t
- ercen
P_av s P

L/D, 0.91

Rake Mach number, 0.201
AP/PE_V, 4.5 percent
Poy/Pgs 0.597

" mg/mg, 0.966
Py
- 1}, percent

L/D, 1.82 L/D, 3.50
Reke Mech number, 0.203 Rake Mech number, 0.203
AP/Pyy; 5.9 percent AP/P.., 2.7 percent
Pgy/Pgs 0.599 Pgy/Pgs 0.600
my/my, 0.975 . mp/mg, 0.977
(c) 40-Percent-solidity screen.
Figure 13. - Concluded. BRffect of internel screens on total-pressure contours at primary rake.

Short diffuser model; screens located at model station 14.28.
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Screen solidity, (P._/P.)
percent a.v/ 0 macx
o) 0 0.820
| 10 .616
20 A prc] .611
& 40 .599
i
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mﬂ \
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4 12 -
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| P |‘ il 1 .'F' d
0 .4 .8 1.2 1.6 2.0 2.4 2.8 3.2 3.6
Constant-erea mixing-length persmeter, L/D g
Sl | 1 I ] | g
14.28 15.28 16.28 18.28 20.28 21.97
Model station, in. E
=l
(2) Short diffuser; ecreens located at model station 14.28. %
e Figure 14. - Effect of screens apd mixing length on totel-pressure dlstortion. R
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Total-pressure distortion, AP/P&V, percent

Screen solidity, (Pav/PO)max

percent
o 0 0.600
a 10 .594
A 23 .592
14
< 40 .564
¢
12 )\\0\
CI;\\ ‘\\w\\\<l\
10 \Dq\\(
‘\\\\\:\‘\\\\\>
m\ | =
\\\\
™A
6 A
\
’\0‘\‘ |
—o
4
0 .4 .8 1.2 1.8
Constent-aree mixing-length parsmeter, L/D
| 1 1 L |
18.68 19.28 20.28 21.28 21.97

Model station, in.

(b) Long diffuser; screens located at model station
14.85.

Figure 14. - Concluded. Effect of screens and mixing
length on total-pressure distortion.
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Screen mesh (mmber (P _/P.)
wires per in.) av/ "0 max
QO 4.00 - 0.613
O 2.00 .611
A 2.67 611
10
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% 8
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-4 .8 1.2 1.6 2.0 2.4 2.8 3.2 3.6
Constant-ares mixing-length parameter, L/D
| ] ] 1
15.28 16.28 18.28 21.97
Model statlon, in.
. Figure 15. - Bffect of screen mesh on distortion. Sereen solidity, 23 percent; screens locabed
! at model statlon 14.28; short diffuser.
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Locatlon of screen, 8
model station E
—_— 11..00 -
o ——— 14.28 o
—_— 16.28 g
Ares blockage,
percent (Ps.v/ B O)ma.x
12
% ——] . 18
mﬁ 10 { [T——]:619 ° vi
E = 616 N
- \
g 8 \:\‘\~
[ e e
H P \%‘q
o ———— 581 \
5 g 40 { ] \ [~ .
Q h‘\ -~
" [+ ~——] e —— had L)
: el I < T N O O s et S st St et 0 .
L] 4 —:—E- N — ==
] e el
Q
H
g
8
0 4 .8 1.2 1.6 2.0 2.4 2.8 3.2 5.6
Constant-area mixing-length parameter, L/D
1 ] 1 ] ] i 1
14.28 15.28 16.28 17.28 18.28 20.28 21.97

Model statlon, in.

Figure 16. - Effect of screen location on total-pressure distortion. 8Short diffuser model.
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Total-pressure loss, percent of free stream

Mo S . NACA BM E55F24

TR

Mach number
ahead of

' screen
— Present data - . 0.34

Reference 7

fJ .34

7
~—

'//

gsle

Screen at model
station ll._OQ-7

/

Sereen at model .. B
station 14.28 : /
|

D .20

/
/
y
¥
=7
v

/ s
- A - _
/ // _
“ g // L~ < B
// 1
// .
—
S ey
10 20 -, 30 I = 40
Screen solidity, percent | - ' .

SNk

Figure 17. - Reduction of maximum pressure Tecovery due '
to screen losses. —_ P, : -
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Constent-aresa mixing-
length parsmeter,

L/D
& 0.46
| .92
v 1.36
A 1.82
Talled symbols indicate
minimum stable points
I
Rake Mach number
.64 0.29]
/4
//2>/,
)
.32
.60 L// —
} s .33
// /
~ / 4 .34
~

N%

NNR

N\ \\ \ N \ \\ .\%&

AV RAANN
\ \\\\\\ \ N \\.

2°
~
I
Ay
Ny r 4.36
o) 1 .37
§ 52 e
.38
: / -
a — // .39
) 1 . 40
E;"‘ L~ ) / //
3 .48 //’ ////
2 e - 4 .42
Eo|' / / L~
-1 7 .44
// _ 7 L~
// / 1 .46
44 —= =
d / /)A .48
-1 ] / /\/ 9
A L
// - “1
L~
40 =
.84 .88 .92 96 1.00

Inlet mass-flow ratio, m,/m,

Figure 18. - Performance of short diffuser model with contracting
section.

R BRI TAR



36 NACA RM EBSF24

'Pl -

'—P ~ 1), percent — L ﬁ
av —

: [9)]

L o

Constant-area mixing-length parameter, L/D, 0.46 . L/D, Q.92 _ el T s
Rake Mach number, 0.294 S Reke Mach number, 0.294 .
Total-pressure distortion, AP/Pav, 9.7 percent - AP/Pav_Z 8.4 percent e
Total-pressure recovery, Pg./Py, 0.628 oo Pgy/Por 0.830 ) -
Inlet mass-flow retio, mg/my, 0.970 . o my/mg, 0.972 T s

P P .
(—L - l) s percent (—7-'— - ) » percent — A

L/D, 1.36 Coae -
Rake Mach number, 0.205 i I Rake Mach number, 0.294 J—
AP/PB.‘V’" 7.3 percent o AP/PaV," 6.3 percent L _
Py,/Pys 0-628 .. : S Py /Pgs 0.630 co e :
mz/mo, 0.974 : mz/mo,_9.972 — N

Figure 19. - Total-pressure contours at primery rake. Short diffuser model with con-
tracting section. : = _ =
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&
>
Model (P /B0 ) mex E
=
O Original short diffuser 0.620 o
0 with contracting section .629 &‘J
20 $
i)
3
i
o D,
5 16 N
& N
o
9 \O\
]
3 ] -
a«
o 8 e —
] Japant
L
'3 \—-n
P T
—0
4
0 4 .B 1.2 1.8 ) 2.0 2.4 2.8 3.2 5.6
. Constent-areas mixing-length parameter, L/D
| | | 1 1 | |
14.28 15.28 16.28 17.28 18.88 20.68 - 21.97

Mcdel station, in.

Figure 20. - Bffect of contraction section on total-pressure distortion. Bhort diffuser model.
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Figure 22. - Effect of raising centerbody on total-pressure dietortion. BShort diffuser model.
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Total-pressure recovery, P2/P0

41

Constant-area mixing-
length parameter,
L/D
o 0
a .91
A 1.82
> 3.50
Tailed symbols indicate
minimum stable points
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Figure 24. - Inlet performance with internal bleed.

model.

Iniet mass-flow ratio, mz/mo

TR

Short diffuser



LII i

A ‘FIeId £eBue] - VOVN

' Total-pressure distortion, AP/P,,., percent

Model (Pyy/Polmax
Q Originel short diffuser 0.620
[0 With internsl bleed . 635
18
i <
14 \
\\
o ‘i—\ .
O
! \'0'-—\ \-\i‘\ ] T =
\ \-\.; .
|- o - T B I N\‘--\ 0T _'_ T - _ﬂ"
5/ TO N T - ]
2
0 .4 .8 ! 1.2 1.6 2.0 2.4 2.8 3.2 3.6
Constent-area mlxing-length parameter, L/D
. Lol
Figure 25. - Bffect of internal bleed on total-pressure distortion. Jhort diffuser model.
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